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 I 
摘 要 
流感病毒是威胁人类健康和公共卫生的一大重要问题，其中乙型流感 (FluB)
就是一种引发流感流行的主要病原体。由于流感病毒的持续快速变异，针对其的
治疗药物必须具备广谱性。Flu B 的广谱中和单克隆抗体，尤其 IgG 型抗体是防
治乙型流感病毒的一种潜在的有效手段。 
本实验室在前期获得一株具有 FluB 广谱中和活性的 IgM 型鼠源单克隆抗体
7G1。与传统 IgG 治疗性抗体药物相比，IgM 抗体存在成产及纯化工艺较为复杂、
抗体介导的杀伤作用较弱、半衰期较短等缺点。本研究开展了一种不依赖于抗体
可变区基因克隆的 IgG 类别转换方法。我们通过在杂交瘤细胞中构建可调控表达
活化诱导胞嘧啶核苷脱氨酶 (activation-induced cytidine deaminase, AID)的系统，
实现在杂交瘤细胞水平进行高频的抗体类别转换，之后利用流式细胞仪分选出
IgG 型单抗细胞并进行后续抗体体内体外性质鉴定，由此获得功能性 IgG 单克隆
抗体杂交瘤细胞系。具体可以分为三部分。 
其中第一部分为可诱导表达 AID 的 7G1 杂交瘤细胞系的构建。首先，本研
究将人 AID 基因及 EGFP 基因利用 2A 肽融合构建到慢病毒表达载体
pLenti-TRE3G 中，之后利用慢病毒感染并成功筛选获得一个可诱导表达 AID 的
杂交瘤细胞株 7G1-Tet-on-AID。接着，本研究利用四环素类似物强力霉素
(doxycycline, DOX)诱导该细胞株表达 AID，细胞内高浓度的 AID 再促使细胞进
行抗体类别转换。 
本文第二部分进行类别转换效果的检测及 IgG 型 7G1 杂交瘤细胞的分选。
通过 ELISA 抗体分型检测，我们发现 7G1-Tet-on-AID 细胞上清中分泌有 IgG1、
IgG2a、IgG2b 及 IgG3 等多种免疫球蛋白，并通过流式分选获得 380 株具有广谱
性的阳性单克隆细胞。 
本文的第三部分内容为：7G1 原始 IgM 亚型抗体及型别转换所获得的 7G1
各 IgG 亚型抗体的体内外的活性的鉴定及比较。首先，本研究初步鉴定并对比了
7G1-IgM 和 7G1-IgG 各亚型抗体体外结合活性。我们分别随机挑选每个 IgG 亚
型中的相应的 3-4 株细胞表达上清进行体外性质的分析，包括血凝抑制试验活性
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（HI）及微孔中和活性(MN)分析，发现同 IgM 亚型的原始抗体相比，部分型转
后的 IgG 亚型的相应细胞株上清反应谱变宽；另外，部分经小鼠腹水纯化的
7G1-IgG 亚型的代表性单抗，也显示出比 7G1-IgM 更为广谱的病毒反应性。而
且，在体外 ELISA 结合活性实验中，7G1 各亚型抗体的病毒结合活性均大大优
于 7G1-IgM 抗体。此外，我们还发现 IgG2a 和 IgG2b 亚型的 7G1 抗体具备抗体
Fc 介导的清除病毒的 ADCC 活性，而 IgM 亚型抗体则无此清除病毒的活性。 
初步评价了抗体在 BALB/c 小鼠模型体内的保护效果。我们发现，在高剂量
给药的条件下，各 7G1 亚型单抗均能完全保护小鼠抵抗致死剂量的流感病毒的
攻毒。因此，为区分各 7G1 亚型抗体体内治疗活性的区别，我们降低了抗体的
给药剂量。发现在低剂量给药的条件下，IgG2a 亚型的抗体治疗效果最佳，IgG1
亚型的抗体次之，另外，低剂量的 IgG2b 和 IgG3 亚型抗体的体内治疗活性也优
于 IgM 亚型抗体。同时，我们还评价了不同亚型抗体在不同给药途径的条件下
体内保护效果的差别，我们发现，IgM 亚型抗体仅能通过腹腔给药才能发挥保护
作用，而通过尾静脉给药则不能发挥保护作用，而各亚型的 IgG 抗体无论是腹腔
给药还是静脉给药，均能起到良好的体内保护作用。因此，在给药途径的选择上，
IgG 抗体也显示出了优势。 
总之，本研究通过对 7G1 杂交瘤细胞进行含 AID 的四环素诱导表达系统构
建，利用 Tet-on 调控系统诱导其表达 AID，增加杂交瘤细胞 Ig 基因类别转换的
频率，实现了在细胞水平的抗体类别转换。可被借鉴和运用于流感病毒的相关抗
体药物和其他抗原的新抗体的研发。 
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Abstract 
Influenza virus is one of the most important public health issues with high 
impact on human health, and Influenza B (FluB) is one of the main pathogens causing 
epidemics. While the rapid evolution of influenza virus making the development of 
broadly applicable antiviral drugs challenging. Broadly neutralizing monoclonal 
antibodies against Flu B, especially IgG antibodies, may show great potential use for 
therapeutic purposes of the dieases caused by influenza B virus. 
We have previously obtained an anti-Flu B broadly neutralizing monoclonal 
antibody, mouse immunoglobulin (Ig) M, 7G1. Compared with the traditional IgG 
therapeutic antibodies, manufacturing challenges surround the use of IgM mAbs, 
which include more complicated process of production, weaker antibody-mediated 
cell killing effect and shorter half-life. In this study, we described an “cloning-free” 
approach to generate IgG class switching hybirdma cells in vitro. This was 
accomplished by lentiviral transduction and controllable expression of 
activation-induced cytidine deaminase (AID) to induce class switch recombination 
(CSR) coupled with high-throughput FACS of hybridoma cells to isolate IgG class 
switched cells. Next, characterization of the IgG mAbs was done in vivo and in vitro, 
and finally we obtained the functional IgG monoclonal antibodies. This thesis consists 
of three parts. 
The first part was to estalish a 7G1 hybridoma stable cell line with controllable 
expression of AID. Firstly, a 7G1 hybridoma cell line stably expressing tTA was 
established via pLenti-CMV-rtTA lentiviral transduction. Secondly, we designed a 
tetracycline-inducible AID expression cassette (Teton-AID-HA-2A-EGFP) into the 
lentiviral Tet-on vector pLenti-TRE3G. After the transduction, we successfully 
obtained a 7G1-Tet-on-AID hybridoma cell line with inducible expression of AID. 
This stable cell line incubated with Dox displayed dose-dependent induction of eGFP, 
corresponding to inducible expresion of AID.  
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The second part of this study aimed to isolate IgG class switched 7G1 hybirdoma 
cells. We enriched the membrane IgG (mIgG) positive cells by FACS. After several 
rounds of FACS, mAbs with different IgG isotypes were observed in the culture 
supernatant via IgG isotyping ELISA, which include IgG1, IgG2a, IgG2b and IgG3. 
Then single mIgG positive cell was sorted into 96-well plates. Finally, we obtained 
380 IgG positive hybridoma cell lines (IgG3: 65%, IgG1: 24%, IgG2b: 10%, IgG2a: 
1% ).  
The third part focused on characterization and comparison of the 7G1-IgG mAbs 
and the original IgM mAb in vivo and in vitro. we first identified and compared the in 
vitro binding activity of 7G1-IgM and 7G1-IgG. 3-4 cell lines for each isotype were 
randomly selected to be tested, including in vitro hemagglutination inhibition (HI) 
assays and micropore neutralization (MN) assays, we found that the 
response-spectrum of some IgG mAbs was wider compared with IgM mAb; in 
addition, the representative mouse ascites purified 7G1-IgG mAbs, also showed a 
broader spectrum of viral reactivity than 7G1-IgM mAb. Moreover, in vitro ELISA 
binding assay, the binding activity of 7G1-IgG mAbs was significantly better than that 
of 7G1-IgM mAb.In addition, we found that IgG2a and IgG2b of 7G1 mAb had Fc 
mediated ADCC activity, while IgM mAb did not possess this ability to eliminate the 
virus. 
Meanwhile, the protective efficacy of these IgG mAbs was also evaluated 
preliminarily in vivo by virus challenge in the BALB/c mice model. All the IgG and 
IgM mAbs could provide mice complete protection against B/Florida/4/2006 
(Yamagata lineage) and B/Brisbane/60/2008 (Victoria lineage) with high-dose 
administration. Therefore, in order to distinguish the therapeutic activity of each 7G1 
mab in vivo, we reduced the dosage of antibody.However, in the case of low dose 
administration, the protective efficacy of IgG2a-7G1 was the best, then IgG1. In 
addition, the in vivo therapeutic activity of low dose IgG2b and IgG3 was better than 
that of IgM mab.At the same time, we also evaluated the protective effects of 
7G1-IgG and IgM mAbs in different ways of administration, we found that IgM mab 
can only play a protective role by intraperitoneal administration, but can not be 
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protected by tail vein administration, while IgG mabs either intraperitoneal 
administration or intravenous administration, can play a good protective effect in vivo. 
Therefore, in the choice of route of administration, IgG mabs also showed an 
advantage. 
In conclusion, in this thesis, we generated class switching hybirdma cells from 
IgM to IgG with same binding properties and enhancer protective efficacy without the 
need of carry out antibody engineering and recombinant protein expression. The 
frequency of immunoglobulin class switching in hybridoma cells was increased via 
Tet-on based controllable expression of AID. Our study indicates that this approach 
may help generate IgG class-switched antibodies from IgM hybridoma cells not only 
in anti-Flu B but also in other pathogen mAb development. 
 
Key words: influenza B virus; broadly neutralizing antibody; AID; antibody class 
switching 
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